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© Process for converting hydrocarbon oils into pro- 
ducts of lower average molecular weight and lower 
boiling point comprising contacting a hydrocarbon oil 
containing less than 200 ppm N at elevated tem- 
perature and pressure in the presence of hydrogen 
with a catalyst A comprising a wide pore zeolite, a 
binder and at least one hydrogenation component of 
a Group VI and/or Group VIII metal, and wherein, the 
hydrocarbon oil is subsequently, without intermedi- 
ate separation or liquid recycle, contacted with an 
amorphous silica-alumina containing catalyst B com- 
prising at least one hydrogenation component of a 
Group VI and/or Group VIII metal. 
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PROCESS FOR CONVERTING HYDROCARBON OILS 



The present invention relates to a process for 
converting hydrocarbon oils into products of lower 
average molecular weight and lower boiling point 
by contacting a hydrocarbon oil containing a rela- 
tively low amount of nitrogen over a series of 
catalysts. 

It is known to subject a heavy hydrocarbon 
feedstock to a hydrocracking process which makes 
use of a series of catalysts. 

From US-A-4,435.275, for instance, it is known 
to hydrocrack a hydrocarbon feedstock using typi- 
cally mild hydrocracking conditions by passing the 
feedstock firstly over a bed of an amorphous 
hydrotreating catalyst and subsequently without in- 
termediate separation or liquid recycle passing the 
hydrotreated feedstock over a zeolitic hydrocrac- 
king catalyst. The zeolite in the hydrocracking cata- 
lyst can be selected from faujasite, zeolite X, 
zeolite Y, mordenite or zeolite ZSM-20. 

The products of lower average molecular 
weight and lower boiling point thus obtained by 
hydrocracking include gaseous material, i.e. in gen- 
eral Ci-4 hydrocarbons, naphtha and a middle 
distillate fraction, i.e. a kerosine fraction and a gas 
oil fraction. It is evident that the cut between 
hydrocracked products may be made at various 
boiling points. 

Since the gaseous products are not very much 
wanted and since there is an increasing demand 
for middle distillates, it would be advantageous to 
have a two-stage process available for converting 
hydrocarbon oils that shows a considerable selec- 
tivity towards middle distillates and a low gas 
make. 

It has now surprisingly been found that a good 
yield of middle distillates and low gas make can be 
obtained if a hydrocarbon oil containing a relatively 
low amount of nitrogen is passed over a catalyst 
system comprising a series of a catalyst which 
comprises a wide pore zeolite and an amorphous 
silica-alumina containing catalyst. 

The present invention thus relates to a process 
for converting hydrocarbon oils into products of 
lower average molecular weight and lower boiling 
point comprising contacting a hydrocarbon oil 
which contains less than 200 ppm N at elevated 
temperature and pressure in the presence of hy- 
drogen with a catalyst A comprising a wide pore 
zeolite, a binder and at least one hydrogenation 
component of a Group VI and/or Group VIII metal, 
and wherein the hydrocarbon oil is subsequently, 
without intermediate separation or liquid recycle, 
contacted with an amorphous silica-alumina con- 
taining catalyst B comprising at least one hydroge- 
nation component of a Group VI and/or Group VIII 



metal. 

In a preferred embodiment of the process ac- 
cording to the present invention catalysts A and B 
are applied in such a manner that the catalyst 

5 A/catalyst B volume ratio is in the range of 0.25- 
4.0, preferably 0.5-2.0. Suitably, the amorphous 
silica-alumina containing catalyst B comprises sili- 
ca in an amount of 10-90% by weight, preferably 
20-80% by weight. Preferably, catalyst B com- 

jo prises at least one component of nickel and/or 
cobalt and at least one component of molybdenum 
and/or tungsten or at least one component of plati- 
num and/or palladium. Suitable catalysts B com- 
prise commercially available catalysts. 

15 It should be noted that in the context of the 
present application wide pore zeolites are defined 
as zeolites having pore diameters of at least 0.65 
nm, for instance zeolites having a frame work 
which comprises 12-ring units, for example Y 

20 zeolite, X zeolite, zeolite 0, zeolite Q or ZSM-20, 
preferably Y zeolite. 

Preferably, the wide pore zeolite comprises a 
modified Y zeolite having a unit cell size below 
24.45 A. 

25 Preferably, the modified Y zeolite has a pore 

volume of at least 0.25 ml/g wherein between 10% 
and 60%, preferably between 10% and 40% of the 
total pore volume is made up of pores having a 
diameter of at least 8 nm. 
30 The pore diameter distribution is determined 
by the method described by E.P. Barrett, G. 
Joyner and P.P. Halena (J. Am. Chem. Soc. 73, 
373 (1951)) and is based on the numerical analysis 
of the nitrogen desorption isotherm. It should be 
35 noted that inter-crystalline voids are excluded in 
the determination of the percentage of the total 
pore volume made up in pores having a diameter 
of at least 8 nm when said percentage is between 
10% and 40%. 
4o it has been found that very good results can be 
obtained when modified Y zeolites are used having 
a water adsorption capacity of at least 8%, prefer- 
ably at least 10% by weight on zeolite, and in 
particular between 10% and 15% by weight of 
45 zeolite. The water adsorption capacity of the modi- 
fied Y zeolites present in catalyst A is measured at 
25 ' C and a p/po value of 0.2. In order to deter- 
mine the water adsorption capacity the modified Y 
zeolite is evacuated at elevated temperature, suit- 
so ably 400 * C, and subsequently subjected at 25 - C 
to a water pressure corresponding to a p/po value 
of 0.2 (ratio of the partial water pressure in the 
apparatus and the saturation pressure of water at 
25 ° C). 

The unit cell size of the modified Y zeolite 
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present in catalyst A is below 24.45 A (as deter- 
mined by ASTM-D-3492, the zeolite being present, 
in its NhU*-form) and preferably below 24.40 A, in 
particular below 24.35 A. It should be noted that 
the unit cell size is but one of the parameters 
which determine the suitability of modified Y 
zeolites. It has been found that also the water 
adsorption capacity and the pore diameter distribu- 
tion as well as the crystallinity have to be taken 
into account in order to be able to obtain marked 
improvements in performance as referred to 
hereinbefore. 

As regards crystallinity it should be noted that 
the modified Y zeolites to be used in the process 
according to the present invention preferably retain 
their crystallinity (relative to a certain standard, e.g. 
Na-Y) when comparing crystallinity as a function of 
increasing SiCVAbOa molar ratio. Generally, the 
crystallinity will slightly improve when comparing 
modified Y zeolites with increasing SiCVAbOa mo- 
lar ratios. 

Preferably catalyst A comprises an amount of 
modified Y zeolite which ranges between 5% and 
90%, preferably between 15% and 50% of the 
combined amount of modified Y zeolite and binder. 

Suitably, catalyst A comprises at least one 
component of nickel and/or cobalt and at least one 
component of molybdenum and/or tungsten or at 
least one component of platinum and/or palladium. 

The binder(s) present in catalyst A suitably 
comprise(s) inorganic oxides or mixtures of inor- 
ganic oxides. Both amorphous and crystalline bind- 
ers can be applied. Examples of suitable binders 
comprise silica, alumina, clays, zirconia, titania, 
magnesia, thoria, and mixtures thereof. Preference 
is given to the use of alumina as binder. 

Depending on the unit cell size desired the 
Si02/AI 2 03 molar ratio of the modified Y zeolite will 
have to be adjusted. There are many techniques 
described in the art which can be applied to adjust 
the unit cell size accordingly. It has been found 
that modified Y zeolites having a Si02/AI 2 03 molar 
ratio between 4 and 25 can be suitably applied as 
the zeolitic component of catalyst A. Preference is 
given to modified Y zeolites having a molar ratio 
between 8 and 15. 

The amount(s) of hydrogenation component(s) 
in catalyst A suitably ranges between 0.05 and 
10% by weight of Group VIII metal component(s) 
and between 2 and 40% by weight of Group VI 
metal component(s), calculated as metal(s) per 100 
parts by weight of total catalyst. The hydrogenation 
component(s) may be in the oxidic and/or sulphidic 
form. If a combination of at least a Group VI and a 
Group VIII metal component is present as (mixed) 
oxides, it will be subjected to a sulphiding treat- 
ment prior to proper use in the present process. 

Suitably, catalyst A is prepared by co-mulling 



the wide pore zeolite with the Group VI and/or 
Group VIII metal compound and the binder. Suit- 
ably, (a) solid Group VI and/or Group VIII metal 
compound(s) is (are) used in the co-mulling proce- 

5 dure. The solid Group VI and/or Group VIII com- 
pound (s), preferably molybdenum and/or tungsten, 
are suitably water-insoluble. Suitable water-insolu- 
ble compounds comprise Group VI and/or Group 
VIII metal oxides, sulphides and acids. For exam- 

10 pie, molybdenum oxides, tungsten oxides, molyb- 
denum sulphides, tungsten sulphides, molybdenum 
acid and tungsten acid. The manufacture of such 
compounds is known in the art. 

Apart from for instance a molybdenum and/or 

T5 tungsten compound other hydrogenation compo- 
nents, in particular nickel and/or cobalt and/or plati- 
num and/or palladium may be present in catalyst 
A. Such other hydrogenation components can suit- 
ably be added to the co-mulling mixture in the form 

20 of a solution containing the hydrogenation compo- 
nents. Preferably, the hydrogenation components 
are selected from the group consisting of nickel, 
cobalt, molybdenum and tungsten. In particular the 
hydrogenation-metal is nickel and/or cobalt, most 

25 preferably it is nickel. The solution is advanta- 
geously an aqueous solution. It will be understood 
that catalyst A may also suitably be prepared by 
means of various conventional methods, i.e. ion- 
exchange or impregnation. The co-mulling can suit- 

30 ably be carried out in the presence of a peptizing 
agent, such as an acid, e.g. a mineral acid or 
acetic acid. Shaping of the catalyst A particles can 
be done in any method known in the art. A very 
convenient way to shape the particles is by ex- 

35 trusion. 

The process according to the present invention 
is preferably carried out over catalyst A in the 
presence of hydrogen and at a temperature of 250- 
500 "C and at a pressure of 20-300 bar, more 

40 preferably at a temperature of 300-450 *C and a 
pressure of 90-200 bar. 

The process according to the present invention 
is preferably carried out over catalyst B in the 
presence of hydrogen and at a temperature of 250- 

45 500 # C and a pressure of 20-300 bar, more prefer- 
ably at a temperature of 300-450 * C and a pres- 
sure of 90-200 bar. 

Preferably, catalysts A and B are applied in a 
stacked-bed configuration. 

so Feedstocks which can suitably be applied in 

the process according to the present invention 
comprise all sorts of hydrocarbonaceous feed- 
stocks as long as they fulfil the requirement to 
contain less than 200 ppm N. Suitably, the feed- 

55 stocks comprise gas oils, vacuum gas oils, 
deasphalted oils, long residues, catalytically 
cracked cycle oils, coker gas oils and other ther- 
mally cracked gas oils and syncrudes, optionally 
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originating from tar sands, shale oils, residue up- 
grading processes or biomass or combinations 
thereof, which may have been hydrotreated before 
being contacted with catalyst A. The feedstocks 
can for instance suitably be contacted with an 
alumina containing hydrotreating catalyst prior to 
contact with catalyst A. 

Preference is made to hydrocarbon oils which 
contain less than 50 ppm N, more preferably less 
than 30 ppm N. 

Preferably, the process according to the 
present invention is carried out in such a way that 
part of the effluent, in particular substantially un- 
converted material, from catalyst B is recycled to 
catalyst A. 

The present invention will now be illustrated by 
means of the following Examples. 



Example I 

a) Composition of a stacked-bed which com- 
prises a first bed of catalyst A and a second bed of 
catalyst B, whereby both catalysts are in calcined 
form. 

Catalyst A comprises 11% by weight of a 
modified Y zeolite having a unit cell size of 24.32 
A, a water adsorption capacity (at 25 °C and a 
p/p 0 value of 0.2) of 1 1 .0% by weight, a nitrogen 
pore volume of 0.47 ml/g wherein 27% of the total 
pore volume is made up of pores having a diam- 
eter of at least 8 nm, 62.5% by weight of alumin- 
ium oxide (ex Condea), 5% by weight of nickel and 
16% by weight of tungsten. 

Catalyst A has been prepared by co-mulling a 
mixture comprising a modified Y zeolite, hydrated 
aluminium oxide, acetic acid, water, nickel nitrate 
solution and ammonium meta tungstate. 

Catalyst B comprises 83.5 %wt of amorphous 
silica-alumina (ex American Cyanamid), 3.6% by 
weight of nickel and 7.9% by weight of molyb- 
denum. 

The stacked-bed has a catalyst A/catalyst B 
volume ratio of 1 . 

b) An experiment was carried out in accor- 
dance with the present invention by subjecting the 
stacked-bed as described hereinabove to a 
hydrocracking performance test involving a 
hydrotreated heavy vacuum gas oil having the fol- 
lowing properties: 

C (%wt) : 86.64 
H (%wt) : 13.25 
S (ppm) : 75 
N (ppm) : 13 
d (70/4) : 1.4716 
LB.P. (*C):325 
10/20 : 381/406 
30/40 : 426/443 



50/60 : 461/478 
70/80 : 497/519 
90 : 547 
F.B.P. : > 548 

5 The stacked-bed was firstly subjected to a 

presulphiding treatment by slowly heating in a 10% 
v H 2 S/H 2 -atmosphere to a temperature of 370 * C. 
Both catalysts A and B were tested in a 1:1 dilution 
with 0.2 mm SiC particles under the following op- 

70 eration conditions: WHSV 0.75 kg/l/hr, H 2 S partial 
pressure 3 bar, total pressure 130 bar and a 
gas/feed ratio of 1500 Nl/kg. The experiment was 
carried out in once-through operation. The tem- 
perature required for 70% conversion of the 370* 

75 fraction was noted, whereafter the temperature was 
adjusted to obtain a 80% conversion of the 370 
° C + fraction. 

The following results were obtained: 
Temperature required (70% conv. of 370 * C + ): 360 

20 * C. 

Distribution of 370 * C~ product (in % by weight) at 
80% conversion: 
Ci - C* : 3 
Cs -150 "C: 33 
25 150 *C-370 *C : 64 



Comparative Example 

30 An experiment was carried out in substantially 

the same manner as described in Example I except 
that a catalyst bed (in volume essentially equal to 
the volume of the stacked bed as described in 
Example I) was used comprising a catalyst as 

35 described hereinbelow. The catalyst used com- 
prises 8.4% by weight of a modified Y zeolite 
having a unit cell size of 24.32 A, a water adsorp- 
tion capacity (at 25 * C and a p/po value of 0.2) of 
11.0% by weight, a nitrogen pore volume of 0.47 

40 ml/g wherein 27% of the total pore volume is made 
up of pores having a diameter of at least 8 nm, 
50.2% by weight of amorphous silica-alumina (ex 
Condea), 25% by weight of aluminium oxide (ex 
American Cyanamid), 3% by weight of nickel and 

45 10% by weight of tungsten. The catalyst has been 
prepared by co-mulling a mixture comprising a 
modified Y zeolite, amorphous silica-alumina, hy- 
drated aluminium oxide, acetic acid, water, nickel 
nitrate solution and ammonium meta tungstate. 

so The following results were obtained: 

Temperature required (70% conv. 370 °C*): 358 
'C. 

Distribution of 370 * C~ product (in % by weight) at 
80% conversion: 
55 Ci - C* : 5 

Cs - 150 °C : 37 
150 "C - 370 "C : 58 

It will be clear from the above results that the 
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experiment according to the present invention 
yields less gaseous material (Ci - C*) and more 
middle distillates (150 °C -370 # C), than the com- 
parative experiment which is not according to the 
present invention. 



Claims 

1. Process for converting hydrocarbon oils into 
products of lower average molecular weight and 
lower boiling point comprising contacting a hy- 
drocarbon oil which contains less than 200 ppm N 
at elevated temperature and pressure in the pres- 
ence of hydrogen with a catalyst A comprising a 
wide pore zeolite, a binder and at least one hy- 
drogenatlon component of a Group VI and/or Group 
VIII metal, and wherein the hydrocarbon oil is sub- 
sequently, without intermediate separation or liquid 
recycle, contacted with an amorphous silica-alu- 
mina containing catalyst B comprising at least one 
hydrogenation component of a Group VI and/or 
Group VIII metal. 

2. Process according to claim 1, wherein catalysts 
A and B are applied in such a manner that the 
catalyst A/catalyst B volume ratio is in the range of 
0.25-4.0. 

3. Process according to claim 1 or 2, wherein 
catalyst B comprises silica in an amount of 10-90% 
by weight. 

4. Process according to any one of claims 1-3, 
wherein the binder comprises an inorganic oxide or 
mixture of inorganic oxides. 

5. Process according to any one of claims 1-4, 
wherein the wide pore zeolitic catalyst comprises a 
Y zeolite. 

6. Process according to any one of claims 1-5, 
wherein the wide pore zeolitic catalyst comprises a 
modified Y zeolite having a unit cell size below 
24.45 A. 

7. Process according to claim 6, wherein the modi- 
fied Y zeolite has a degree of crystallinity which is 
at least retained at increasing Si02/Al203 molar 
ratios. 

8. Process according to claim 6 or 7, wherein the 
modified Y zeolite has a water adsorption capacity 
(at 25 * C and a p/p 0 value of 0.2) of at least 8% 
by weight of modified Y zeolite. 

9. Process according to any one of claims 6-8, 
wherein the modified Y zeolite has a pore volume 
of at least 0.25 ml/g wherein between 10% and 
60% of the total pore volume is made up of pores 
having a diameter of at least 8 nm. 

10. Process according to any one of claims 1-9, 
wherein catalyst A comprises an amount of modi- 
fied Y zeolite which ranges between 5 and 90% of 
the combined amount of modified Y zeolite and 
binder. 



11. Process according to any one of claims 1-10. 
wherein the hydrogenation component comprises 
at least one component of nickel and/or cobalt and 
at least one component of molybdenum and/or 

5 tungsten or at least one component of platinum 
and/or palladium. 

12. Process according to any one of claims 1-11, 
wherein catalyst A has been prepared by co-mull- 
ing the wide pore zeolitic catalyst with a Group VI 

w and/or Group VIII metal compound and the binder. 

13. Process according to any one of claims 1-12, 
wherein part of the effluent from catalyst B is 
recycled to catalyst A. 

14. Process according to any one of claims 1-13, 
75 wherein the hydrocarbon oil to be converted has 

been subjected to a hydrotreating process. 

15. Process according to any one of claims 1-14, 
wherein catalysts A and B are applied in a stacked- 
bed configuration. 
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